Kawasaki disease (KD) is a systemic vasculitis associated with cardiovascular symptom. A previous study in the European descent has indicated that genetic variants of the transforming growth factor-b (TGF-b) pathway are involved in the KD susceptibility and clinical status. This study was conducted to investigate if polymorphisms in TGF-b signaling pathway are associated with KD susceptibility, and the coronary artery lesion formation. A total of 950 subjects (381 KD patients and 569 controls) were investigated to identify 12 single-nucleotide polymorphisms in the TGF-b signaling pathway (rs2796817, rs10482751, rs2027567, rs12029576, rs11466480, rs4776338, rs12901071, rs7162912, rs1438386, rs6494633, rs12910698 and rs4776339) by using TaqMan Allelic Discrimination assay. Our results indicated that rs1438386 in the SMAD3 is significantly associated with the susceptibility of KD. Additionally, both haplotypes of TGFb2 and SMAD3 were also associated with the risk of KD. This study showed that genetic polymorphisms in TGF-b signaling pathway are associated with KD susceptibility, but not coronary artery lesions formation, or intravenous immunoglobulin treatment response in the Taiwanese population.
INTRODUCTION
Kawasaki disease (KD) is an acute systemic vasculitis that was first described by Kawasaki et al. in 1974. 1 It has been the leading cause of acquired heart diseases in children but its etiology remains unknown. [2] [3] [4] It occurs worldwide and mainly affects children less than 5 year old, especially in Asia. The highest incidence was found in Japan, Korea and then Taiwan. [5] [6] [7] The most common and serious complication of KD is coronary artery lesions (CAL), including myocardial infarction, 8 coronary artery dilatation/ectasia and coronary artery aneurysm. 9 The etiology of KD is still unclear and no consistent etiological agent for KD has been identified yet. Although incidence of KD varies in different ethnic population, several lines of evidence have indicated the significant association between genetic polymorphisms and the susceptibility of KD. For example, polymorphisms in the genes including monocyte chemoattractant protein 1, 10 IL-10, 11 CD40L, 12 IL-4, 13 CASP3, 14, 15 IL-18, 16 HLA-E, 17 C-C chemokine receptor 5 18 and inositol 1,4,5-trisphosphate 3-kinase C 19, 20 have been reported to be involved in the development of KD. However, only few genes from these studies could be deduced in the second populations that support the hypothesis that multiple polymorphic alleles influence the susceptibility and clinical phenotypes of KD. 21 Shimizu et al. 22 firstly reported that genetics polymorphisms of transforming growth factor-b (TGF-b) pathway including TGFB2, TGFBR2 and SMAD3 associated with KD susceptibility, the development of CAL and treatment response from the European and US population but without KD patient from the Asian population. TGF-b is a multifunctional molecule, which is important in the regulation of cytokine expression and immune responses. 23 Animal studies from TGF-b-deficient mice indicated an essential physiological role in the health and disease. 24 It has been shown that TGF-b-mediated signaling pathways are mainly via transcription factors, mothers against decapentaplegic, Drosophila, homolog of (Smads), which includes at least three common proteins: Smad2, Smad3 and Smad4. The binding of TGF-b to its receptor resulted in the phosphorylation of Smad2 or Smad3, which heterodimerizes with Smad4. The formation of the Smad complex further translocates to nucleus to regulate the activation of target genes. 25 In the cardiovascular system which is an important target of KD, TGF-b signaling is involved in the pathogenesis of multiple cardiovascular diseases via an aberrant vascular remodeling. Low expression level of endogenous TGF-b activity in blood may contribute to the development of atherosclerotic cardiovascular disease. 26 In this study, we examined the association between the genetic polymorphisms of TGF-b pathway and the risk of KD using a casecontrol study in the Taiwanese populations. The relationship of clinical data (CAL and responses of intravenous immunoglobulin (IVIG) treatment) and genetic polymorphisms of TGFB2, TGFBR2 and SMAD3 were also evaluated. Our studies indicated that a genetic polymorphism in SMAD3 influences KD susceptibility in the Taiwanese population.
MATERIALS AND METHODS

Patients studied
All subjects studied were children who fulfilled the diagnostic criteria for KD and were admitted at Chang Gung Memorial Hospital-Kaohsiung Medical Center, between 2000 and 2010. All patients were treated with a single infusion of IVIG (2 g kg À1 ) administered over a 12-h period. Aspirin (3-5 mg kg À1 per day) was administered until all signs of inflammation were resolved or regression of CAL was detected under two-dimensional echocardiography as our previous studies. 4, [27] [28] [29] This study was approved by the Institutional Review Board of Chang Gung Memorial Hospital. All the subjects signed the consent form. We excluded patients who did not meet the diagnostic criteria for KD. CAL was defined by the internal diameter of the coronary artery being at least 3 mm (4 mm, if the subject was over the age of 5 years) or the internal diameter of a segment being at least 1.5 times that of an adjacent segment, as observed in the echocardiogram. 15, 30, 31 IVIG responsiveness was defined as defervescence 48 h after the completion of IVIG treatment and no fever (temperature, 438 1C) recurrence for at least 7 days after IVIG with marked improvement or normalization of inflammatory signs. 4,32
DNA extraction
Blood cells were subjected to DNA extraction by treating them first with 0.5% SDS lysis buffer and then protease K (1 mg ml À1 ) for digestion of nuclear protein for 4 h at 60 1C. Total DNA was harvested by using the Gentra extraction kit (QIAGEN, Germantown, MA, USA) followed by 70% alcohol precipitation. 27 
Genotyping
Genotyping was carried out using the TaqMan Allelic Discrimination Assay (Applied Biosystems, Foster city, CA, USA) as our previous report. 15 The PCR was performed by using a 96-well microplate with the ABI9700 Thermal Cycler (Applied Biosystems, Carlsbad, CA, USA). After PCR, fluorescence was detected and analyzed using the System SDS software version 1.2.3 (Applied Biosystems).
Statistical analysis SAS 9.1 (SAS, Cary, NC, USA) for Windows was used for analysis. The statistical differences between case and control in genotype and allele frequency were assessed by the w 2 -test. Statistical differences in genotype and allele frequency of the KD patients with/without CAL formation were assessed using the w 2 -test. Bonferroni correction was used for correcting multiple tests. Linkage disequilibrium was assessed for any pair of SNPs and haplotype blocks were defined using the default setting of the Haploview software 4.1 (Broad Institute, Cambridge, MA, USA).
RESULTS
A significant association between the genetic polymorphisms in the TGF-b signaling pathway and susceptibility to KD In this study, we recruited a total of 950 subjects including 381 KD patients and 569 controls. Table 1 shows the characteristics of the subjects. The average age in the cases was 1.7 years and that in the controls was 5.7 years. In all, 9.7% of KD patients were observed with CAL formation 8 weeks after the disease onset, and 12.9% of patients were initial IVIG treatment resistant. Previous studies have identified that genetic polymorphisms (TGFB2: rs2796817, rs10482751, rs2027567 and rs12029576; TGFBR2: rs11466480; SMAD3: rs4776338, rs12901071, rs7162912, rs1438386, rs6494633, rs12910698 and rs4776339) influenced KD susceptibility or the coronary artery outcome. 22 We analyzed the association between the genetic variants and susceptibility or severity of KD. As shown in the Tables 2a and b, the genotype frequencies of the controls and patients were in the Hardy-Weinberg equilibrium. None of polymorphisms in the TGFB2 and TGFBR2 were found to be significantly associated with the susceptibility of KD under three genetic models (dominant, recessive or allelic models) (Table 2a ). However, one of the seven polymorphisms in SMAD3 (rs1438386) associated with the susceptibility to KD. P-value is 0.001 under the dominant model after Bonferroni correction (Table 2b) .
Lack of association between the genetic polymorphisms in the TGF-b signaling pathway and CAL formation in the KD patients A total of 381 KD patients were genotyped. No polymorphisms in the TGFb2, TGFBR2 or SMAD3 were significantly associated with CAL formation in the KD patients (Tables 3a and 3b ). Additionally, we did not find a statistically significant association between the genetic polymorphisms and IVIG treatment response in the Taiwanese children (data not shown). Haplotype analysis was performed using genotype data in this study. There was no significant association between haplotypes and CAL formation or IVIG treatment in the KD patients (data not shown).
Haplotype analysis of TGFb2 and SMAD3 in the susceptibility of KD patients We further calculated pairwise linkage disequilibrium (Figures 1  and 2 ) and analyzed haplotypes of TGFb2 and SMAD3, respectively. The haplotype frequency of TGFB2 gene polymorphisms rs10482751/ rs2027567/rs1209576 among the study subjects was shown in Table 4 . rs10482751/rs2027567/rs1209576 pairwise allele analysis indicated that T/G/G haplotype had a significant association with the risk of KD in comparison with the C/A/T haplotype (P¼0.0420). Additionally, SMAD3 haplotypes T/A/A and C/C/G in block 1 were also strongly associated with KD susceptibility (Po0.0001) ( Table 5 ). The SMAD3 haplotype rs12910698/rs4776339 (block 2) had no significant association with the risk of KD (Table 5) .
DISCUSSION
In 2011, a large genetic study has revealed a significant association between the polymorphisms in TGF-b pathways and KD susceptibility or coronary artery lesion (CAL) formation in the Europe and US population. 22 Therefore, a replication study of 12 polymorphisms in 950 subjects was performed in the Taiwanese population. We found a SNP in the SMAD3 (rs1438386) and haplotypes in SMAD3 and TGFB2 that contribute to the susceptibility of KD. To our knowledge, this is the first analysis to find the association between the genetic variants of TGF-b pathways and KD susceptibility in the Asian population. In this study, we recruited only children from the south of Taiwan to avoid heterogeneity. Therefore, the study population was relatively homogenous in terms of age, ethnicity and geographic location. Several lines of evidence have indicated the role TGF-b pathways in the immunity and inflammation. 23 For example, the activation of IL-2 gene could be suppressed by TGF-b-mediated Smad signaling pathways, and leads to the antiproliferative effects in T cells. 33 A transcription factor, nuclear factor of activated T cells, is one of the most important mediated for IL-2 mRNA induction. The activation of nuclear factor of activated T cells has been shown to be regulated by inositol 1,4,5-trisphosphate 3-kinase C, an important gene in the susceptibility of KD. 20 Therefore, nuclear factor of activated T cells could be a target of Smad2 and Smad3. In addition, the activation of TGF-b-mediated signaling pathways is much dependent on the co-mediator Smad4 that forms active complexes to be translocated into the nucleus to regulate the target genes. We did not examine SMAD4 polymorphisms because it is not as polymorphic as other molecules in the TGF-b pathways. Genome-wide association study for KD was firstly performed by Burgner et al. 21 A total of 40 SNPs and 6 haplotypes were confirmed in an independent cohort of KD families. They also identified a SNP within N-acetylated alpha-linked acidic dipeptidase-like 2 (NAA-LADL2; rs17531088) that significantly associated to the susceptibility of KD. In the Asian population, Onouchi et al. 20 identified the susceptibility loci on chromosome 19q13.2 and further confirmed the functional SNP of inositol 1,4,5-trisphosphate 3-kinase C in the disease activity of KD. Recently, another genome-wide association study was conducted in the Korean population. A total of 786 subjects (186 KD patients and 600 controls) were recruited. A very careful study from Kim et al. 34 indicated 1p31 region as susceptibility loci for KD. Furthermore, PELI1 gene locus in the 2p13.3 region was confirmed to associate with the development of CAL in the KD patients. Importantly, genome-wide association study results from the Taiwanese population suggest another three novel susceptibility loci for KD. 35 The human SMAD3 gene is located on chromosome 15, which has not been identified by genome-wide association study as a risk locus in the Asian population. These observations in combination with those of the present study support the presence of ethnic differences or environmental factors for the susceptibility or severity of KD. Shimizu et al. 22 firstly identified that 16 SNPs in six genes (TGFB2, TGFBR2, SMAD1, ENG, ACVRL1 and SMAD3) associated with the susceptibility of KD. The significance of genetic variation in the three genes (SMAD3, TGFB2 and TGFBR2) could be replicated in the multiethnic transmission disequilibrium test (TDT) analysis from the independent United States/United Kingdom/Australia subjects. In our study, we found one of the seven polymorphisms in SMAD3 (rs1438386) associated with the susceptibility to KD in the Taiwanese population. Regarding the CAL formation and IVIG treatment response, Shimizu et al. 22 reported that genetic variants in TGFB2, TGFBR2 and SMAD3 consistently influenced the coronary artery outcome in two independent, non-overlapping cohorts. However, the SNPs identified from these two cohorts were not identical. In this study, there were no polymorphisms in the TGFb2, TGFBR2 or SMAD3 that were significantly associated with the CAL formation and IVIG treatment response in KD patients in the Taiwanese population. We acknowledge the limitations in our study. We only genotyped the SNPs that have been shown to be associated with the KD susceptibility in multiethnic TDT analysis from the independent United States/ United Kingdom/Australia subjects. Therefore, the rare causal genetic polymorphisms at the TGF-b pathway would not be detected in this study. In addition, the SNP of SMAD3 identified in this study is located in intron. Future studies are needed to address the mechanism by which SMAD3 genotypes contribute to the development of KD.
In conclusion, our results indicated that a SNP (rs1438386) and haplotypes in the TGF-b pathways associated with the susceptibility to KD in the Taiwanese population. However, we did not provide evidence to support the role of polymorphisms in the TGF-b pathways leading to CALs in this study. We attribute this to the different genetic backgrounds in the populations, due to ethnic differences in the distribution of polymorphisms in the TGF-b pathways. Consistent with this, KD susceptibility loci identified from the genome-wide association studies exhibited distinct distributions in different populations.
